A difficult airway is characterized by an inability or difficulty to adequately establish bag mask ventilation and/or difficulty with conventional direct laryngoscopy. 1 Since their introduction in the 1980s, supraglottic airways (SGAs) have an established role in both routine and emergent airway management of difficult airways in both adults 2 -6 and children. 7 -10 In the difficult airway population, SGAs can provide adequate oxygenation and ventilation, while simultaneously acting as a conduit for fibreoptic-guided tracheal intubation. Additional advantages include the ability to overcome upper airway obstruction 11 12 and the possibility of maintaining the airway without the need for tracheal intubation. 3 13 These benefits have resulted in adoption of SGAs as standard practice in many difficult airway guidelines for both adults 1 14 15 and children. 16 17 In the literature on the difficult airway, there are more reports on the use of SGAs as a conduit for tracheal intubation than on the use of SGAs alone as the primary means for airway management in both adults and children. 1 8 9 17 18 In adults, it has been shown that SGAs can be successfully used as an alternative to tracheal intubation in the difficult airway, both electively, and for rescue of failed airways. 1 18-24 However, there are only a few reports regarding SGA use for primary airway management in children with difficult airways. There is minimal evidence regarding the prolonged use of SGAs in children with known difficult airways, and is limited to isolated case reports on their use in a failed airway, 25 and neonatal resuscitation. 26 27 Given the minimal data regarding elective use of an SGA for primary airway management in the anticipated paediatric difficult airway, we sought to examine the effectiveness of this technique as an alternative to tracheal intubation. Therefore, the aim of this retrospective cohort study is to assess the success rates and adverse events related to the use of SGA devices for primary airway management during anaesthesia in children with difficult airways.
retrospective analysis of our institution's electronic medical records was conducted. The inclusion criteria included all children between 1 day and 18 years of age with a difficult airway undergoing at least one surgical or medical procedure using an SGA for primary airway management during general anaesthesia, from 1 January 2009 to 1 January 2013. This period followed a practice change at this institution where use of an SGA for primary airway management became an alternative approach to tracheal intubation for some procedures in paediatric patients with a difficult airway. A subsequent filter of 'difficult airway' as a keyword was then used to narrow the search further. Additionally, a second search strategy was conducted using the 'difficult airway' keyword without any other ICD-9 diagnosis to select for children with a history of difficult airway without an apparent aetiology. The electronic medical records of these final patients were then interrogated for an anaesthesia event using an SGA for primary airway management during their procedure. The filter of difficult airway encompassed any patient with one or more of the above diagnoses with a description of difficult airway (difficult direct laryngoscopy defined as a documented Cormack and Lehane Grade of 3 or greater and the need for an alternate device for successful tracheal intubation (fibreoptic intubation, videolaryngoscopy, or both), difficult mask ventilation (defined as inadequate ventilation with the need for two-handed mask ventilation or impossible mask ventilation), or presence of both conditions. The exclusion criteria included any anaesthesia event where the trachea was primarily intubated using an SGA as a conduit for fibreoptic-guided tracheal intubation, and a description of isolated physical findings such as micrognathia or macroglossia in the chart without any other suggestion of a difficult airway. Successful use of the SGA was defined as use of the device to maintain anaesthesia without the need for replacement with an alternative airway (tracheal intubation or another SGA). In patients that received multiple anaesthetics, only the first anaesthetic was included in the study.
Patient selection
Patient characteristics such as age, sex, weight, height, ASA physical status, type of procedure, method of induction, type and size of SGA device placed, number of attempts for successful device placement, method of ventilation, success/failure associated with the device during anaesthetic maintenance, or the need to intubate the trachea, complications (regurgitation, laryngospasm, bronchospasm, airway obstruction, and oxygen desaturations); and anaesthetic depth on removal of the SGA were also recorded.
All data were entered into Microsoft Excel 2010 (Redmond, WA, USA) and statistical analysis was performed using the statistical software SAS (SAS 9.3; SAS Institute). Data are expressed as mean [standard deviation (SD)]. Descriptive statistics were calculated on both continuous and categorical data. Descriptive statistics for continuous variables were calculated using mean (SD) through univariate analysis, and categorical variables were calculated using their frequencies, n (%).
Results
A total of 77 272 patients received general anaesthesia during a period of 4 yr in this free-standing paediatric hospital. Four hundred and fifty-nine patients were reported to have a difficult airway. Of those, 109 received ≥1 general anaesthetics using an SGA for primary airway management meeting the inclusion criteria for this study. Figure 1 represents a flow chart for children meeting the inclusion criteria.
The principal conditions associated with a difficult airway were craniofacial syndromes related to maxillary hypoplasia (n¼11), mandibular hypoplasia (n¼39), infiltrative diseases (n¼16), chronic subglottic abnormalities (n¼21), and limited jaw, mouth, neck mobility (n¼8). Fourteen patients did not have any reported disorder related to a difficult airway and were classified as unanticipated difficult laryngoscopy (Table 1) .
Patient characteristics are represented in Table 2 . Of the 109 patients using an SGA for primary airway management, 69 had multiple anaesthetics with an SGA. The success rate of SGA use was 105/109 or 96%. In four patients, an alternative airway was needed; in two patients the SGA was replaced by another SGA type or size, and in the other two patients, the trachea was intubated using a fibreoptic bronchoscope through the SGA (Table 3) .
Procedures requiring general anaesthesia were radiology [including computerized tomography (CT) scans, magnetic resonance imaging (MRI), and interventional radiology (IR) procedures], general surgery, medical procedures (including electromyography, auditory brain response testing, cardiac catheterization, and upper/lower gastrointestinal endoscopy), orthopaedic surgery, plastic surgery, urology, ophthalmology, and neurology. Table 4 represents the types of SGAs used and length and type of procedure. Mask induction was performed in 92 patients, of whom 13 also received additional i.v. agents. Seventeen patients underwent i.v. induction alone ( Table 2) Oxygen desaturation (Sp O 2 ,85%) during placement was documented in two patients. One patient had laryngospasm on inhalation induction which was successfully broken with continuous positive airway pressure, followed by successful use of the SGA. In the other patient, the SGA was removed at the conclusion of the procedure under a deep plane of anaesthesia, and the clinician was unable to adequately ventilate the lungs and immediate direct laryngoscopy was performed with a Grade IV laryngoscopic view. Subsequently, the air-Q TM was placed with successful fibreoptic-guided tracheal intubation. There were no episodes of regurgitation of gastric contents, bronchospasm, or death reported. Removal of the SGA was performed in the awake state in 42% (n¼46) of the cases, and under a deep anaesthetic plane in 56% (n¼61) of the cases.
Discussion
The main finding in this study is that in children with difficult airways, SGAs can be effectively utilized for airway maintenance for an extended period of time and for various medical and surgical procedures.
SGAs already have an established role in the management of difficult airways, and there are several reports on the use of SGAs (LMA and air-Q) for fibreoptic-guided tracheal intubation in the paediatric difficult airway population.
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We and others have previously reported on the effectiveness of SGAs for oxygenation and ventilation in the difficult airway population before fibreoptic-guided tracheal intubation. 8 9 The results of this study further suggest that the airway can be maintained with the SGA alone without the need for tracheal intubation in cases where risk of pulmonary aspiration is low. Although some difficult airway algorithms suggest the use of these devices for primary airway maintenance if the trachea cannot be intubated, 1 15 16 reports on the feasibility of using an SGA in this setting is limited in children.
The relatively high success rates of SGA use observed in this study could be attributed to the fact that children with difficult airways often have anatomic lesions affecting the face, jaw, tongue, mouth, upper airway, or all, with unlikely disease involving the lower airways. The successful use of the SGA in these children suggests that the device can bypass these anatomic defects to seat in the hypopharynx and maintain a patent airway during anaesthetic maintenance. It was not possible to definitely include all cases where the clinician might have opted not to attempt the use of an SGA because of anticipated Supraglottic airways for the paediatric difficult airway difficulty or failure of the device. Therefore, the unintentional exclusion of these patients might overestimate the efficacy of our results. For these reasons, the results in this study cannot be extrapolated to all children with difficult airways.
The practical utility of SGAs for primary airway management in the difficult airway population has several clinical implications: first, the SGA can be used as a ventilation and oxygenation conduit, and, if intraoperative conditions change, offers a relatively straightforward path to intubate the trachea. As a result, the clinician's 'Plan A' (SGA alone for airway maintenance) and 'Plan B' (conversion to tracheal intubation through the SGA) is encompassed with one airway management strategy (as seen with two of the failures in this study). Secondly, during off-site general anaesthetics (i.e. CT, MRI, and IR), children with a difficult airway may need to have their trachea intubated in the operating theatre before being transported to an off-site location, then subsequently transported back to the operating theatre for tracheal extubation. This process can be precarious, present scheduling challenges, and require additional resources and equipment. The use of an SGA in this setting can reduce the need to transport these patients. Thirdly, as children with a difficult airway often present for multiple procedures requiring general anaesthesia, the successful use of these devices in one anaesthetic might influence the decision to use an SGA for a subsequent general anaesthetic. Finally, SGAs offer a less invasive option when compared with tracheal intubation. In this study, the rates of complications were relatively low, even with its use in children with a known diagnosis of a difficult airway. There are several limitations to this study: (i) the relative under-and over-reporting of patients inherent in a retrospective study design, including inconsistent documentation of anaesthesia records; (ii) the possibility that certain difficult airway lesions improved from the time of initial difficult airway documentation to the time the child underwent anaesthesia with an SGA; and (iii) the use of an SGA is a decision based on multiple factors including type/length of procedure and comfort level of the clinician. These confounding factors could have influenced our results and the decision to proceed with tracheal intubation vs using an SGA for some procedures.
In conclusion, SGAs can be an effective option for airway maintenance in the paediatric difficult airway population. Future prospective studies are now indicated to stratify the factors that might be associated with failure of an SGA and which type(s) of patients, procedures, and SGAs are best suited for children with difficult airways.
